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[^ixi] a xu2^2\ ^7§oii °i& ssi, ^=&is *ii602°i ^§ 

chi °i& ss^Ah m smicf. cHBiej 
^oi a ojmi chichi^ (ej) 

41 0 38,000 S 

os os 
o a os 

[^lAhS^S] 12 m 493,000 S 

[th^il] 531,000 S 
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3L, Al ^ Mo^: ^7>§}-JL, 3.7] # *fl ^ ^- ^-SjLTj 

C : 0.0016-0.0025%, Si : 0.02% Mn : 0.2-1.2%, P : 

0.05-0.11%, S : 0.01% ^1§>, 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% «=>1§>, 
Nb : 0.003-0.011%, Ti : 0-0.003%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, 
Fe ^ 7]Bf ^7lsl*l #^#3. o]s^ x1jL) 20ym°l is }2\ A1N ^xfl^ji ri 

sl^L ^^^3.7171- ASTM 9°) ^91 §>^r Jl #5. ±.^^ ^Zt 

I °1I 4^fl3L §1^ -g-g-S^^ « zl ^S«o V ^* 31 AXIS. flcf. 

s i 

JL#5i, ±^12}-, 7>^>, iflAUL^, 2^h 7>^#)^ 
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JL#51 ^of^sj.^ ^^HJ-^Jfr, -§~g-51^-7j-^; ^ 31 ^S^fCold Rolled 
Steel Sheet and Hot Dipped Steel Sheet with Superior Strength and Bake 
Hardenabi 1 i ty and Method for Manufacturing the Steel Sheets} 

<2> 51 71^1^^ ^ofl Pl^l^ Al^-^^1 q-Bjoflir 3.5flH 

<3> 51 3^ ^Tjsj-^ ^ AlJL^l^^l] *l*l*r Mo^ <3%*# M-Bf^^r ^EflH 

<4> £ 4~ #^^-(8)^ di-g-^f ^ ^MlS^r^ 

<5> 51 5fe #^7j-(8), til3H7 0 t( 6 ) « ^Efl7<Hl tfl^t 2 x> 7]-^^^(DBTT)^ *l*l*r 7>^ 

«1 (drawing ratio)-^ M-Hfifl^ aeflH 

<6> 51 6^ ^7j-(8)5] AlJr^ ; ^ ^Hfvfl^ jefls 

ft ^ #>M|*r>I|^ 3HI, ^ iflAlJL^, ^ ifl 2^>7>^#1^6l 
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<8> ^Jf^SHS ^^7j-^ «q^^-0fl AV-g-J^ 7ASL5L*], ^ 

#3E.7> 390MPa°l§l- o lJl, H^li "S^tHl 7^}^ t4^£f 7}x\B-S. 

<9> ^, ^YW^ ^^^r #^6fl J7-g-^ ^O!^ cg^o] Hj-^q- ^ 7 j- l£ 

-g-^ ^ ^7> #7^}^ #7>§>M- JL-g-^S] *l«fl 

<io> ^^^^S-^r ^^tSi P*]7f Al H = (Al-killed)^ 

tS. AV-g-El&o.^, o] 7^°] ^w-^sj.^ 40-50MPa ^JS.^. 
<H> ^"71^ ^>o] yJ-Alofl ^JfL^a^j-g. *HS§Rr %^$= 

<12> *£^H1 ^ *t ^*MJ 7fl^Al7l7l ^Tebh p^ 7 > Al 

(Al-killed)^ <a^f^*H 4^33^ ^1S§>^ 7l^o] 

<13> 4>7l «q- ^O] c^^-wj-^ofl ^jL^^ ^«a 7 d-#* A^<?Kr 7§^-*\] 
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71-1, dh^-^i $in ^^°i ^n^i 9i^. 

<14> n^-ej-^, ^^^-^^1 o} sfl x|25]ir ^fW^ ^<S#^,g- 7l-^o] 

5^1 X}^*} 2]$:°]}?} 7])^S\o] A>-g-5lJl $X^. 

<15> ^e^l^r ^RM^ al^^o] ^Tg-ofl ##°11 33 31-g-€^^^ *\) 

<16> °H n}^, A1 _2|t= 7o Vo]l Ti Nb^ ^5}-^- ^*1^# ^7h§> 

^ -M-^f W^ITJ ^Y^Sf^ ^^o] ^ 2 7> 7h^§h^l 5|$t2J^, °1 

<n> ^-§1^7^^ 61-26757^^1 ^ C: 0.0005-0.015^^%, S+N 

005%°l5L, Ti ^ Nb°l ^ 5£^r ^-^"^7>^. q^e^ ^^3}^ ^<£#^r°l 

<is> H^- -^^U^iL (^h) 57089437^1^ C: 0.010%^ §>o] Ti ^ 7h#,g- 

*}-§-*M ^Y^S]-^ 0 1 ^ 40MPa°R><y ^fW^ ^^^ 0 1 ^H^H 
<i9> ^-71^ y o v ^#^ Ti ^ Nb^l ^7>^= ^ ^*}°] ^z|^t= # 

<20> n 5] x\, ^7\% fJ-^S] Tj^-ofli^ ±.^-7%^^ 3^L# ^fl^i- ^1 

^^cHH Ti ^ N(^fc), S(%)^1 ^74^1 *\]o] 7 } ^A^l ^IS-S ^7>7> 
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711 ^fl^ 9.M. 

<2i> tf^o], Hb^r ^7>*>ir ^-foflxf JH^^l $] 3r ^ ^ ^ 

<22> *1^-*1 ^5, 556, 485 JL ^ ^15,656,1025^-^ C: 0.0005-0.1^^%, 

Mn: 0-2.5#^%, Al: 0-0.5#^%, N: 0-0.04#^%, Ti : 0-0.5#^%, ^ V: 0.005- 
0.6f^%# ^§>^r Ti-V^l q-^^^ ol-g-^o^ ^Jf^j^j 

<23> <Htil^ o.s, Vxf TiM" Nb^- ^ ^sl# ^4ldhliT4 c]^- §H 

$171 ufl-g-ofl ^Ti^^l V<>11 ^sfl ^€ ^#^1 VC^-# Nb^l 

<24> Hem Vfe VC^ ^ ^^*>7l^ ^1^1 ^-g-Sfl ^J£7> nfl^- ^ ^ 

0.02%^H> ^7l-§H ^^^-i: £2.§}JL Si^. 
<25> n*eH, ^lt ^l^-ms]^ ^-fofli- x^o} Ti ^7Hl ^ *113=^7> ^ 

<26> ^r^g, <H^r ^H^Ji ^5-935023:^1^ Sn^- ^7>^-o.S^ BH^# ^KM^ 

7l#o] ^Alslo] oi Jlj ^ 7 fl^ti 3g 9-249936 3L °fl V# Nb^ ^-^-^7>^S 

*l £3 -§-^^g; ^SW^ 7fl*Ul 71 *f 7l#ol ^flAl^ol e^. 
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<27> °d¥r ^7fl^Ji ^8-49038^^1^ Zr* ^7}is}<*\ 7fl^A| 

7l#o| ^H^o] ^Iji, 3^ <ga- ^yfl^i. ^7- 2 78654S^^r Cr* ^7}is}<*\ _3L# 
£SJ- ^ 7}^^]^r(m)^ ^Sj- Al^o_5L*l W^l^l^r 7}^ 

<28> ^M", ^1-71^ ^7H>fe 7l##^ ^Ti^S] 7fl 

<29> ^tiV^^-S, ^TjSl-^ol #7>*>^ ^ 1% I^^M , ^) £ 

t^x}S1 ^^^H <^<5fl ^ 71-51 P JL-g-^7> # 

*fl*Rr ^^SHM^ S^i^S. 2^> 7V^#)^^r o>7lAl7l31, ^jS.^ P^^l 

^7M ^ ^ ^ <g ^ o\sm. 

<30> SI^^S. 340MPa^"^l i-^SHM: ^§}7l ^sfl ^7>5l^ p^- 

*3=°1 0.07%<?1 2* r 7>^#^# ^§r^r 7]^o] DBTTCDuctile Brittle 

Transition Temper at ure)7> 7>^ul (Drawing Ratio) 1.9°1H -20°C , 390MPa^ jl 
^12:§>71 $1*1) P^-^ *r 0.09%^ £ ^7>^- ^-f DBTT^r 0-10 °CS^ cfl 

<3i> #7fl#£r 2^> 7}^^o] yfl^tfjl <£3l^ $l^r B# 5ppm^E. 

^-B-^>31 $l*]*V, P^o] ^51 §V7H £>7l nfl^-ofl b<^1 ^1 ^ DBTT7ll^^l ^7^ Sl>n 
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<32> 2*> 7>^#)^ 7fl € ^§^4 ^£§1-711 ^7V§>711 S) ^ B 

oil o}^ S5fl*>7l ttfl^-oll 3. ^7}^d])5L ^7} . 

<33> 1^^, 2*V 7l-^#l^# «o V *l*Rr DBTT71- s| ± -20°C^}^] ^<H 6 > ^ 7 1 Bfl 

^■ofl ^Jf^s^alHS- b^I^^i xfl^.^ a^w. x-ii^^^i^ ^S7i- ^ 

A. 

<35> 1HM^7l ^7l£^-§>7iq- Hl^r -g-g-S.^^ 

<36> ^7lJ£^- til^H SL^^KcH ^J^l-Jl, ^H^l -T- 

<37> n}^, Tj-^ qi^^o. ^ *&<#a]7]7] ^<?H -g-g-S.^^lH 

tfl^t Wl -g-g-S^-g- 7jv&6fl tfl^ <£^7l- 7]}^S\5L 9X£-*\, =1 

<38> £ ^*Hr ^2fl7l#*l Sfl ^§1-71 ^ 
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<39> Ir^^l tflsH 

<40> #^%S, C : 0.0016-0.0025%, Si : 0.02% ^1§K Mn : 0.2-1.2%, 

P : 0.05-0.11%, S : 0.01% c]^ t 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% °] 
§>, Nb : 0.003-0.011%, Ti : 0-0.003%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, # 
Jf Fe ^ 7lBf ^1 s^x] ji, ns^ji 7} ASTM *IJE. 9^1 

<4i> at!:, ^^%S, C : 0.0016-0.0025%, Si : 0.02% °]zfr, Mn : 

0.2-1.2%, P : 0.05-0.11%, S : 0.01% ^§>, 7>-g-(Soluble) Al : 0.08-0.12%, N : 
0.0025% Nb : 0.003-0.011%, Ti : 0-0.003%, Mo : 0.01-0.1%, B : 

0.0005-0.0015%, ^rY Fe ^ y}^ #7>s]*V #^#3. <^<^lJl, ^^H. 
7l7> ASTM 9^1^"^1 ^J^-S. §Rr ^fl^. 

<42> £ #^^r ^^%S. C : 0.0016-0.0025%, Si : 0.02% Mn : 

0.2-1.2%, P : 0.05-0.11%, S : 0.01% <^h 7>-g-(Soluble) Al : 0.08-0.12%, N : 
0.0025% ol^h Nb : 0.003-0.011%, Ti : 0-0.003%, Mo : 0.01-0.1%, B : 
0.0005-0.0015%, Fe ^ 7]T% ^7M& ^l^^^l^r ^ 1200°C°R> 

°1H Mij- 1*1 3^ 3s 900-950 °C 51 ^5L^^HjA] P>Jfe] ^Tj-^^ljl, 

45-11 



600-650 °C$] ^^^H €#1* 75-80%Sl ^^S. ^71^*1 

770-830 "C^i ^lE^^H <S^f^§Rr 3i# ^r^SLsL ^ JL^S. ^^Sj-^ ^ 

<43> ^th ^^%S C : 0.0016-0.0025%, Si : 0.02% Mn : 

0.2-1.2%, P : 0.05-0.11%, S : 0.01% °1<?}, 7>-g-(Soluble) Al : 0.08-0.12%, N : 
0.0025% <>l*|- f Nb : 0.003-0.011%, Ti : 0-0.003%, Mo : 0.01-0.1%, B : 
0.0005-0.0015%, Fe ^ 7lBf #7>^^ 1-^-5. °l^*l^r 1200 °C 

°1H l^tt ^, 900-950°C^ ^lE^^H n}Jf^ t^^^ul , 

600-650 "C^i ^lE^^H*! ^^tt t^-B-, 75-80%^ ^birS. ^Tl^^b ^, 
770-830 °C$) -grS.Tg$\*W*\ Q^r^^ cf-S-, -g-g-S^-* W ^, 1.2-1.5%^ 

<44> o]-5} t ^ofl tfl^ ^">M|«1 i§^W. 

< 45 > #^ofl 4^14 ^7h*Ml s]^ I^t^H 

*\ Al, Ti JE^r Nb^ ^^UM- ^% V *H TiN, A1N, TiC, Ti 4 C 2 S 2 ^ NbC 

# Til 
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< 47 > #^ofl 7^^b *V 3] 711 ^-fr5]^r wH^^l}. 

<48> ^r^, ibh^- 7j-oii tg-s-Ei^ ^^S^i n ^hffofl nq-ej- 

<49> £ ^-#°11 Jl-g-^# ^OfTjS].^ ^ 

<50> 7j-^6fl ^fl§Kr 31-g-^#£ #*1|SHr ^ ^^^TlHl ^fl 5& 

^^^iflofl €^fl*l-i^N ^ d^f^Spg ^ AlJt^ofl t^I^I^ cg^oj ^-ej.^ 

<51> ^tJiflofl #*fl*Rr Jl-g-^^r <>1^1 tiling ^#71 ufl^-afl 7^^^ 

*1*1 Til 51x4. 

<52> ^fl^Kr Ji-g-^^ yls^ $I*H #*fl*j-7l 

<53> ^o] ; ^>§^iflsi ji-g-^^ ^1Jl^4 ^^sl-^^l ^Hl *1 

% v 9.M. 

<54> nsji^, ^^^|7> tiling 9±^& ^^^l7l ufl^-oll ^^^iflofl #*fl*Hr 

€r^Rr JL-g-ig-^o] 50*3} 5.7> ^^Sl-^^1 *l*l^r ^o.^ I^B^ 
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5W. 

<55> ^H^H, °1 &l^t Ji-g-^s] 3^*1 # ^7>^ Ji-g- 

<56> ^sfl -f^ #^o|j *]7HHr 3*1* ^-&<H ^3^3.7] 

33HJ= (BH)4 ^13L^1^(AI: Aging Index)^] 
<58> £ lofl ^1, 3.7] «]Jl(ASTM No)7> #7>^^-, ^ ^ 

*l*fl*H^r^- BH^j: nfly] AI^l^l x\*}7\ ^^§H, °1S <y«fl BH-AI^l7> ^ 

<59> 51 1^ a>%o.S. £ l^^Rr 7j-^ofl ^fltj}^ JL-g-^# 7^^ 

SM715I7} * ^f]4. 

<60> ^, £ #^7Rr ^^^^S-^-Bi ^7J ^ o] ^.g. a^SW^ LflAjS. 

^-tflsM ? l7l H.7l# ASTM No. 9°R>o_S *ll <=H 

(total) Ji-g^^^M: ^^§>7ll ^A7> ^cf. 
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<62> y^$] ^( total) Jl-g-^^^l M^- ^ ^-f^l^r 37] 7]- ^A-fl^Xl 

C^S. ^H^H e^ll^ Jl-g- Bj-^^ol ^ Bj-^^^1 tilSll^H #7>§l-7ll ElJl. 

< 63 > ^^M, ^ ^^H^ ^1 &| *t £?itf ^^Al ? 1 7] ^Sfl # ^ ^7>^ 

16-25ppm^-S ii^tt 1 }. 

<64> #7l # ^7}^ Nb ^7}^ 3*1*1 ^ $1^. 

<65> ^ ^°1 Ti^# 0.0039M*1-S. ^7>§>J1 Nb^# 3^*1 *IH 

*}^r ^-f°11^r TiJH} Nb7V ^ ^ *1 >M| S^l 5U°H nfl-f 3.7! 

ttfl^-ofl Ti ^ ^7>7j-3f ^ol E^o] ^7Kr € . 

<66> Ti ^ ^7>7j-o^ 7|-fir #71 ^1^1 Si- 3L^f# ^l-g-SJ: 

iflAlSL^ * 25-35ppniJ5-3- ^7>1&t}. 

<67> ^711 A-11^1^^.S. ^51^ ^^7}^} 91°)*] ^ 

cllAi M-^., 25ppm°.S. ^Sl§>^r ^ o^^Hr ^-^1^> 

<68> ^^M, T^o] e^^o] #*t3bg: 25ppm^-S ^5l §M ^tb^ 

<69> £ #^1 ^fj-^ 16-25ppm°-S 7\}o]^ Ti ^ ^#ofl>H Hj-^fJ-^ 

o. ^ ^ oii^ ^e^o] #^l^ 95%°)^SLS-7<} 25-35ppm ^r^H 

70%^ pfl-f -f^tt SJ-^I^ Si^^-. 

<70> ^3r°l, ^- ^^H^r Nb^J-SHS. ^W-^gJ.^ ^ T^Al^o. 0>^§> 
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Til ^§>7l A1^7>S ^ A1N ^##^1 J7^§>^^. 

<72> o]Bl^ Al^ nfl-f ^-Jr^V ^<y# £ #^Kr ^#7fl ol^l Til 

<73> ^f, Nb^l ^7>S| 31, Ti^ ^7>5]^1 ^7]M- 5£ir Ti7> 30ppm c l*> ^7}S\^ # 

°ll Sol.Al# 0.02-0.06%^] ^7>%> 7^ ^-o^ A1N ^# 

#^1 Jl-§-^^# 3.^^171^ <^%>^§- ^r*S §1-711 £1^1 Sol.Al# 
0.08%^H> ^7HM1 £l^ Aim ^##o] nfl-o Pl^S>7ll ^ ^ ^fl^^^l ^ 
^ wJ-sflcirHr <U^2) ^ (barrier )^1-S: *}t\) So LAI* ^7}s\x] 

Q^r Hb^7}#M_t[ ^^°1 Jicf ul^gflxl^, o]s. o]§fl AI^l^l ^JfTj 
Sf^°l #7>§l-ir 5L^# ^§>7ll ^4. 

<74> Ti ^7KH1 <&o]X\ 1300 "C^l^ 31-8-^17-1 TiN^-S rflJf^- S 

^§>7ll ^#^5.^1 Ji-g-S^r Hfe- *H13H1 €■ ^^fr ^rf. 

<75> Sol.AltNM] i£sHl ^ -g-g-S^-^^1 d^f^SHfCBH) ^ *lJL*l^r(AI)i£ 

3H1 tfl^ ^7}- £ 2*\] M-El-q- &tL 

<76> 51 2°fl M-Bl-vi H>^f §c>l, Al^sl #7H1 tc|-el- BH&°1 #7>§l-jl ^Jl, ^1 

jL^l^(AI)ir 7^ ^Sl-Slxl ^-g-* ^ olcf. 
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<77> ^Jf^SK! Sol.AltNf* 0.08-0. 12%S. *fl^Hr 

<78> A o V 7l«t A1^7H1 ^ ^Tj^H 7fl^3L^-# ^ Bj] ofl 3] §>Tg , 

^Jf^S^CBH)^- *>7] ^(l)ollA^ ^c] Ti, Nb, ^ Al^ ^ofl ^JL ^ ^ 

<79> 1] 

<so> BH value(^Y^S]-^) = 50 -(885XTi) -(1589XNb) + (62XA1) 
<8i> £ ^SSTi^l &<H*1 f>_9_tb ^<3] *>i-Hr 

4^*3= , Sol.Al ^ Nb^^l ^H^sl-clel-S ^^TlHM ^^oj ^^7] xtfl 
%-d\] ^^^3.7l7> ASTM No. 9°}*}7} 5]^ ^3*7}- ^ 

^§>7ll A o^^l^r(AI)7l- ^7l-§>7l nfl^-olc]-. 

<82> t2 <H ^^1*1-5. ^7\] 5]^ ^ ^WJL^^ 7fl^5]xln]- 

*1>M|3*7> nfl-f 3.711 EM iL*l^ ^7j-£7l- ^^JL ^^1^ ^ r^7> # 
^^^21 SSflf -f^7> 

<83> ^4^1, ^<>IM*r °l&l^r 600- 

650 °CS #711 ^llt^ ^o] y]-Bj-3}§]-cf . 

<84> a*!:, £ ^^Hfe ifl 7>^#)^# 

<85> ^^0.5. X>^>A>6flAl SjSflxl^ Jf^S] Aj^O. ^ ^o} ^ 
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<86> 7}^^^r 1*} H5fl^ 7>^^o]l gfl 7] ^ 7>^<>I1^ 7}^3.^ 

(crack) o] ^9*^ 

<87> a 53]^ 7j-^ofl ^S^r ^1CP)°1 ^^3H #*fl*H ^^1- 

<88> 2%\ 7>^#)^ TflT^l fl^^r ^(P)^^# ^7V§>Xl ^ 

7> °I°H, ^SJiLtkE. til-g-(cost)°l ^^Rr o]^o] ojcf. 

<89> tr)-Sf^i, Jl^^rS- £2-§>7l ^SflA^ o]o_ 7l^.^O_ S ^ 7 j- 

Sj^o) §]-xln> ^e^l^r ^1S^7>7> Cf^ #5^-71-1:^51 ^ e) ^ 2 7> 7f^#j^# ^ 

<90> nsIM-, 1- nfl ^TKg, o]c] 7j-o] 7^%^S- A]^T 

A>-g-£)o]^ 740.^. ofl^T^-. 

<91> Oje^ P ^7j-7j-oflAi 27> 7>^#1^# 7fl^§>7l ^ y o Vl ^^-S- ^ ^ Sr^^T 

competition effect) S^r ^^^^1^ ^Mrl?!^ ^^^r^^l^ 
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<93> £ ^^^Hl Mo^r IHM^l nfl^-ofl 2 

<94> Mo^ #^6fl JL-g-^Sf S^)-^^ $l7l Ufl^-Ofl ^K^O]]^ -frx] 

<95> £ 3^ Mo^7Hl ^ ^li^ 7fl^^2f# ^sf^ ^311^, 5. 3*\) 

TJ-oj, Mo^-^^l ^7H1 ^ BH^^l^r ^ 3^1^: Al^l^r ^} 

<96> A o v 7l*!r Mo^7>^l iflAlSi^ 7fl^3L3i}-# HelH 3] 

7-lax]^(AI)ir §>7l A1(2)^A^ TJ-o] Tij Nbj « Mo^l ^ofl ^ S 
^ 3* Sj-SI ^ ^ Si^x^. 

<97> [^r^l^l 2] 

<98> AI valueOlM^r it) = 44 -(423XTi )-(2119XNb) -(125xMo) 

<99> a. ^J-^Al-ir Mo^l oleifb 3^3] a*!: Mo^Hl ^ 

<ioo> 2*> 7>^^-ir iL^f ^X\7]7] flSfl 7l^<^l 2]M c d °isi« 0 V^, s 

^ ^7> ^ ^#1^51^ ^^^^ ^X\6\) x\^SLS-*\ 2*\ 7\^^^9] ^ 
§>^7} §>^Cf. 
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<ioi> °}z>}, ^Ajofl cfl^o^ A o v xilS ) ^^^-rf. 

<102> ^-71 HHiCO^r Jl-g-^J-S). M-^i^^r ^^S.^, =L u| 

competition effect)7> &<H*1 2x\ 7\^^^%^o\}*\^ nfl-f l^^. 
<103> ^^M, #7l ^(C)^r 0.0016^^% oR 1 " ^7l-£]o]o> 

<104> ^A, A J"7l ^ 0.0025%# S^V^r ^^Ml^- Nb^7KJ-ofl^ ^^ej 

0.0025%S ^^^cf. 

<105> #7] ^Sl^(Si)^ ^ 7 yx\7}^ ^iS^i ^7>^=6l #7>^^- #51^ 

^ ^7}^ 7A°] -fi-B] 

<106> ttt-^i, ^ ^"^H^ Si^l «^ ^ S^^^S)-* «o V ^l*>7l 

§fl n ^7]-^ 0.029H§}5- ^}k=r 7A°] «>^-^l*>^-. 

<i07> #71 ^TKMn)^: ^^^1 ^J^l ^7l-# Pl^^l^H Shi: 

MnSS ^#^1^ FeS^l ^ofl sl*t 1t>#|^^: wj-xl^-sf #3^1 ^ 
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<108> ^7} MnSHj}^! 0.2%nln>o] ^ -fofl^ ol^-yj-cs + o^. 

<109> n ^"^^1 1.2%# Sx^fSl-^ 7j-fofl±- 3L-g-7j-Sj.cn o}^ 7 0 Vco} ^ 

<no> ^-7} Mn^l 0.2~1.2%S ^SRr ^o] hJ-sJ-^i sj-rf . 

<111> ^7} ^l(P)^r JL-g-7j-Sl-3laZf7> 7H V €■ ^1*^ ^^^l ^ifl °] ^ # 

7fl^i§l-JL 7j- £# IgAj-Al^ <*#^ ^^14. 
<112> ^ ^7>5] ^^-TiaZf, p^ <*<£^ 7|7^# J^A] ^ ^ 4l <f| *\ 

^7|5}A^oj cg^TgoflAi 7^^^( s ite competition)^^ n ^> 

<n3> n sm-, <y ^-^o] ^7}z\±± ^^°\}^ Ti^^Tii^ ^shi 

<114> 4 V 7l 0.05% ^l 1 ?}^! TjJfofli, ^7^^011 ^fl^Rr ^1^1 ^-^o] 

2^> 7\^^ 7fl^£]A]n> ^^T^S} Jiozj-ofl ^^^.^7} v}<*S} 

31, 0.11%# Tj-fofli^ ^^^2] *gKH tilSfl ^7^ 7j-i=Aj-^ol 

JE^ P ^<3] ^t\^7\S. °m P7> ^ ^1 en] ^flS# ^SH^ 
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<115> ^SM, ^71 ^ 0.05-0. ^lltt ^-3-7^ 

<H6> #7l %(S)^ JI-^H MnS^l ^s^JL FeS^l 3\ & # 

<117> S^l ^-f MnSS ^#§>51 ^ S7> ^7111- #1S]-Al7l 

<iis> Stb S ^°1 MnS^### 3J-^1§1 ^#^171^ ^-xlej-s S^^l # 

# ^-f ^f5i*t ^##°11 ^l*t 7fl^1gl-7> #^s>s.s n 0.01% °1§}S *n 

^§Kr ^°1 al-sJ-^l §1-1=1-. 

<ii9> ^7} «§:^M^-(Al)£r ^ #3 IrAjr^ ^sfl ^7>§>M- £ PHltt 

A1N ^^°\] Sl§M Pl^sl-AlTl ^Jf^Spg^: tMM^lxr sffe ^ 

<i20> ^, ^ #^H-^r ^M-flSl-jL^ Nb^7Hl Sltb NbC 

ol-g-S>7ll 51M- A1N ^##^1 ^ §11 ^1 ^1 5L5LAl^io_S.^ i^aIJl^ 

<12i> 4 v 7lt A1^7H1 7fl^jL2l-€- ^elHl 51 s>^, 

Al^l §1-71 ^(Do^sf ^o] ^TjSHrCBHH ^1^711 £H, Al^l 

<i22> [^7^ 1] 
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<i23> BH value = 50 -(885XTO -(1589xNb) + (62XA1) 

<124> ^"7ltt ^71-31^1- <&7] ^«1H^ Al^r 0.08%^^ ^7]-£]^0> ^Cf. 

<125> Al°l 0.12%# ^7>5]ir ^-r-^l^r ^^^^ I^BjS} C| 

A>Sl-7fl^#^ #7>S a^-g^l *]*Hi -f^7> §1^, 
A1^7>s <a«t ^swl-g-s] 4>^g; ^sfl §1-711 sqs-S- n ^r^^r 0.08-0. 12%S ^1 

<126> ^dh(N)^r SE^r i^^Ml JI-g-^EflS ^7fl^-o.^ 7j-o] ^ ^ °- <g 

SM^o} ^lJL^Sl-71- cf^ ^^^l til Sfl nfl-f Ti lE^r AH ^ Sfl Jl^ 

<127> ^^H^ TJ-ol T i7l- ^-^-£1^1 ^Jl Nb# 3j*J*| ^ 7>§Kr # ££^r 

51 Ti^Hf^- tf^o] Nb# 3^*1 ^7>§l-ir 7 cHl $1^A^ ^JEfV ^7Rr # 

^ Jl-g-^^Sl MH8# S5fl§>7ll £t}. 

<128> ^IH^-S fhfc<*l| til §11 ^^£7> Bfl-f BH>S7] ufl^«sfl ^d\] j7-g- 

<i29> °1^*V jL-g-^Sl ^^S. 9m *fr^&5.7} #7>§>J1 ^ r *l 

7> 131-§>711 B\B.S. ^ zlol n ^-bM- 0.0025%°1 §}S *fl^r ^.a_7> 

<130> Ti^r *MSj-# *§>$4U£5>1 #=§H TiN4 ^ ^S}-*, TiS 5£^r TiXzSz^- 
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t& 5H, yj-EJ-^]^ ^r^^r 0.003%©1 tfrg. *\}^}^ ?A 0 ]A. 
<B2> ^-^H Ti ^^^r *IW*Kr ©1-fKr ztilftS] 2i<$ 

vY^X\7}7] ^Sfl %7}5\$r ^ ^£r#^©H Ti7> ^-frSH 

<133> ^4, lflAl3L^ 7fl^ ^Sfl Nb# ^ xfl <^ Sj.^ 

^J^Hr Ti^7>7]- ^A&Jl a*!: Ti^7H BH^Sl ^^7> Hr^^l t& ^ ^^>S^1# 
jlBi^H tMt£1 0.003%©1 §>S. ^1^1-^^-. 

<134> Nb^r Al ^ Mo©} cH:^ n fl-f- ir-S-^ 

<135> ©J^^S Nb^r 7j-^*V *8>g3Uh5.>*1 #^6|| #*fl*|-^ NbC 

plAfl^ Aj^-o. wj-^Hr zj-^*v ^ (barrier)©^* ^>fl 

<136> ^, ^3<*IM Nb^l ^]*!r Jl^fir ©1 &| NbC Jl^}- 

it ©l-g-S}-^ ^©1^. 

<i3?> aejt]-, £ o]e^ jL-g-B^ofl o]^ 

<i38> ©1# ^sfl NbC ^##^1 ^€^1 afl<H^3L 3^ iSfl- ^ 
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<139> 14^1, £ ^^H^r NbC ^##<^1 2]Sfl 7^ 

Jl^§H 0. 003-0. 011%3. 
<140> -#7l<4 ^ Nb^-^ Z§^- *HlsHl 2\ 

n vfl 2*> 7>^^£ 
<141> #7l Mo^r ¥r Ur^H 313^ 5] ir ^-S-*V ^o]t\- , 

<i44> A J-7l*!r Mo^7Hl ^ /ll^ia^-S- HeiH 

Mo^l §1-71 ^(2)<>1H<^ ^o] a13l^1^(AI)^1 <3^# ^l^m SJ-o]£l 

n ^ol ^7>S)^ AlJLXl^(AI)ir ^h^* ^ 5^. 
<145> [^TlH 2] 

<H6> AI value = 44 -(423XTi )-(2119xNb) -(125xMo) 

<147> ^71*!: ^7>jL2f# ^7l ^«flA|^ Mo^r 0.01%^^- ^7}^^^ . 

<148> 31^14, Mo^-^^l 0.1%# ^^}-§Rr ^^l^r Mo^l ^7H1 ^«fl ^ 2*> 7>^ 
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°1 ^*1 "f^fe- ^71- 3X^. 

<149> *fl^ ^ cfltil SL^^^r 5L^*k ^ Mo^^r 0.01- 

0.1%^ ^1*1 SKr ?A°} wV^s}t}. 

<150> ^-71 B^r #^6fl ^7flSl-7ll ojTflofl jL-g-Sj 7^ Hl^r ^ 

4^ ^<?H BN^l 

<151> ^-71 %7}*$ cfly] ^<£\ <$^o) pH-O 3. n ^7]-^ <*73§1 

<152> ^, 4^3] #^ofl ^7>S>7ll 5]^ ^^Hl ^SH 7>^#)^ 

<i53> ae^, 13 3^1 #£.3. ^7ls>7ll € ^ ^7> * <a^si # 

4^7> <^>7l£l^ 7fl^1s)-7l- ^Sl-71 nfl^-ofl 2\^<t]S>\ ^7>7> ^AS>cf. 
<154> <4^1, £ ^^H^r ^ ^ ^ B^7Hl tfl^ ^Rl-o] JIB} 

*M #7l B^l 0. 0005-0. 0015%^. 

<155> ^ofl -tf^-S]-^ n 3.7] 7} ASTM «iS 9<>l#<y 5Hri4. 

<156> A o v 7l^- 3.71 # ASTM 9°l#o_5. SRr ^-f 6 ^ ^t^TlH 

#*fi*Rr Jl-g-^^l <$6\ $e»>Xl7ll E|ol ^ AlJL^^l <*<^&o] ^«-7j^ ^ 

tJH^l 711 

<157> ^f, 3.71 7> ASTM 9^1 ^<=i ^^l^r 4^f^sH 
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7}^ ^ 

<158> £ #^Hir ^UtH ^fl^Rr ^ ^>g^iflofl ^fl§Kr 

°<H1 *Rr^l, n ^^^tflofl ^fl^Rr Jl-g-^ 

^Jf^SpgSl ^tflAl^l^m, ffAlixl^n #tflAl7] - tij-igofl, ^^TjH e 
*fl*Rr ^Jf^W ^tflA]7l7l ufl^t}. 

<159> &<>H , ^^tflcfl ^flSJ-^ aL-g-^M ^ 3~6ppm 

<i60> A o v 7l^ 3.71 # a-iL§}7l ^sflA^ #^ofl A1N 

<161> ^f, ^>7l A1N 3.7} 7} 20 i um# S^§Kr Tj^-ofl^ ^Hl^Hl 

7l^7> S-^Tfl £]J1, 40^3^°] *j=#ofl 3.711 7l^f ^ ^ 

711 

<i62> a- ^ofl ^-^-51 SOMPa^l^^ 3HKBH) , SOMPa^l §1^ 

^l^r (AI), 7>^til 2.0<*IM -30°Col§>^ DBTT, ^ 340~390MPa^l SI^^S.* 5Hr 
*}. 

<163> £ ^ ^ y o V ^°ll tfl^M 

<i64> -3-71 sq- tJ-^I s^slfe ^ls*b , ^la€ <a^s*H #5+ 

«-(Slab)# ^l^*t ©1 1200 c CoRMH 71-i^H Ars^S.*!^ 900- 
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<165> ^7}^ y^o] ^5]-tL# 1200 t^l #3 £r£.<*M ^I^Kr ^-fRr 1^^^^ 

<i66> ^, #Blw. -^£7}- 1200 "C^l 1 ^ ^-f ^o] ^<H^ ^.i^m-flB ^ 

^^o] ^§>^ i^o] #^§>7fl S\B.S. 7fl^<3] 1S)-71- ^Efl€4. 

<i67> ^^^Hfsl £r£7> 900V,^}^}°d ^^S^^ ^(top), «Ktail)^ 

<168> l^^^el ^E7f 950°C# ^ StfleJoj 

^ 7>^^^1 S.^ofl .2.31*1 € (orange peel)^ ^^-o] $7] 7] ^cf. 

<169> ^7] 1^^^-&H7l 650°C# ^^1^ di^rJh H.71 7} #7> 

*H *H13]- Jl^S- ^ 2^ ^ <M€*H #7l*H 

2x1 7}^^o] iSj-SlTfl ^cf. 

<170> ^71 1<a^l#l-&£7l 600 "C^l 1 ?}^! ^-^^l^r ^^3.7]^ n] A\) S]7] 

^ ^J£7l H^f ^ 2*} 7l^#)^^r 7fl^£]x]T?l ^SL^ 

<ni> A J"7l5l TJ-o] <>1 <Q-^ y c v^ O.S. -f , ^^r 

<i72> ufl yl^-^ltt ^^r^ 1 "^^-^ 75-80%^ £°l^f. 

<n3> ^^l^^^r* 75%oR v °-S. §Kr Hl^tr 

-jL^-ofl ^ ^li^ 7fl^4 x^^o] r^m 7fl^i§>7l ^fojcf. 
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<i?4> ^ £r°l 80%# S^Rr ^-f^l^r ^l^lSl- 

3.715] PHIS]- ^5L7> nfl-f 3.711 ^ <H 3 ^3 

<176> ol ttfl, h}-^^ ^-8r^±r 770-830 "C^ ^rEJgifl o] i}. 

<177> Nb^7RV^ Ti^7>7j- cflti] Xfl^^^5l7> ^7l nfl-g-ofl Nb^7>7j-0] ^ ofl 

7-] 770°C^1^ ^rS^^HH ±^ *3*Kr ?A°] 

<178> ^f, di^r^rSL7} 770 "C^n}^ ^-fofli- ^ ^ %V 

<J79> ^-&H7f 830 °C# S3f*>7ll € ^-f°ll^r /fl^xl*} ^ 

^3.7)7} #^7oMH ^§Kr 3.7l<y ASTM No. ^} AI^°1 

SOMPacl^S-^i iflAlJi^ol 1 5} §1-711 slx^. 

<181> ^71 -g-g-JE^ *>^5lir 7^ ?§-^;2\SLS. *m*]5L 
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<183> o] nfl, S^^^^r 33 ^^Sp^ cifo] ^rS-^r ^-^ 

AS ^sfl^ 74 o.S^ , 2:^ 2^oj-o^ o. ^ ^ ^ 

1.2~1.5%S -M^^i- 7^0} . 
<i84> ^, 4 v 7l 3=*) 1.2%°1#°.S S-Tll i§^§K^ 740] Ul-BJ-^^ o] 

7i<y 1.2~1.5%^ S^OV^^ 7$o] V}^tf-X%. 

<186> °l§h 7| 7^1 § ^§11 ^ o. ^ ^-t^^SLS. ^^W. 

<187> (7]7loil) 

<i88> §>7l a 1^ 7J;oi 3i^s]^ 7J- 1220 711^!; 920°C^| ^ 

s^H *Ff^ ^ti^^M feHJ-<£#*# *\)^}<%V\. 

<189> ^71^1- TJ-ol ^1^€ I^W* §>7l a 2^1 2:7iO_S ^#)§>J1, ^Tl^ 

^ dh^-^b ^-5-, -g-g-£^-&£ 450 °C <HH ^Sl- S^^!: ^, ^ 1.5%^ S^^^ 
5. S^^^ ^-g-, ^^^(BH), AlJL^l^r(AI) ,^ £3.7l(ASTM No), 

A1N 3.7], « <3^-#|^ €°1^S(DBTT)# ^^Jl, 3. §} 7 1 a 
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<190> §>7l a 2<$*\S>\ <S^-#1^ ^H£:51(DBTT)^r 2*} 7j-^#j^# 3%7}is}^ ^ 

SLS.X] 7}^-v] 2.0<$*\ ^r 0 !^. 
<i9i> #*3#(8H tflSM ^ 200yfl yfl^rS. v]*]}^A}*[^r 

<192> JE*t, ^#(8), B]3H^(6) ^ ^2fl7j-ofl tfl^ 71-§-h1t£3H1 *W DBTT^] 

<193> °1 xcfl ^2fl#^ 0.0019C-0.63Mn-0.056P-0.03Sol .Al-0.005Ti-0.006Nb-0.0014N 

<194> IE*h ^#(8)3 Sl3b^3-£ S^l-Sl-JL, n. 14f 51 6°fl M-b]- 

<195> 51 6<*IH, a|7H as-received 180days aged Bfl 

^. 

<196> ^tiVAl Jfaj-SH ^51^# ^ ^51-^^71 

^51 ^ ^j^, ^51^r ^5 32°C. ^51^r ^ 70%# 



[a i] 



<197> 








C Mn Si 


P S 


Sol.Al Ti 


Nb 


N Mo 


B 



45-31 





1 


0.0024 


0.58 


0.01 


0 . 069 


0.0082 


0 . 087 


0 


0.008 


0.0016 


0.034 


0.0005 


2 


0.0022 


0.63 


0.009 


0.068 


0.0081 


0.098 


0 


0.01 


0.0024 


0.048 


0.0005 


3 


0.0023 


0.45 


0.011 


0.062 


0.0058 


0.105 


0.0025 


0.0082 


0.0019 


0.061 


0.0007 


4 


0.0024 


0.61 


0.008 


0.071 


0.0083 


0.118 


0.0015 


0.0073 


0.0015 


0.059 


0.0005 


5 


0.0017 


0.98 


0.01 


0.096 


0.0070 


0.105 


0 


0.004 


0.0017 


0.051 


0.0008 


6 


0.0019 


1.01 


0.015 


0.10 


0.0063 


0.089 


0 


0.005 


0.0020 


0.062 


0.0009 


7 


0.0021 


1.10 


0.007 


0.099 


0.0073 


0.105 


0 


0.007 


0.0013 


0.045 


0.0005 


8 


0.0023 


0.98 


0.013 


0.091 


0.0057 


0.104 


0.001 


0.011 


0.0013 


0.098 


0.0007 


til 


1 


0.0054 


0.64 


0.01 


0.069 


0.0071 


0.082 


0.001 


0.011 


0.0017 


0.021 


0.0007 


2 


0.0022 


0.63 


0.014 


0.066 


0.0085 


0.040 


0.025 


0.009 


0.0015 


0.015 


0.0005 


3 


0.0012 


0.65 


0.011 


0.070 


0 . 0072 


0.075 


0.001 


0.0105 


0.0019 


0.059 


0.0008 


4 


0.0021 


0.93 


0.008 


0.096 


0.0089 


0.043 


0 


0.022 


0.0017 


0.021 


0.0006 


5 


0.0022 


0.59 


0.009 


0.062 


0.0066 


0.071 


0.002 


0.009 


0.0022 


0 


0.0007 


6 


0.0019 


0.99 


0.007 


0.099 


0.0078 


0.041 


0.001 


0.008 


0.0021 


0 


0 


7 


0.0020 


0.62 


0.015 


0.047 


0.0085 


0.021 


0 


0.010 


0.0019 


0 


0 


8 


0.0023 


0.98 


0.016 


0.120 


0.0078 


0.098 


0.001 


0.009 


0.0023 


0.031 


0 



iSL 2] 

















^^3.7} 














^£ 


(BH) 


(AD(MPa) 


(ASTM No) 


?A°]^ 


3.7] (pa) 






to 


(%) 


ro 


(MPa) 






(DBTTXr ) 






1 


620 


78 


805 


42.7 


22.8 


10.5 


-50 


20°]^\- 




2 


620 


77 


820 


40.2 


16.8 


9.8 


-40 


20°] Si 




3 


620 


78 


825 


41.3 


17.9 


9.9 


-50 


20 °m 


4 


610 


76 


800 


44.4 


20.5 


10.5 


-60 


20^1^1- 




5 


640 


78 


820 


50.2 


29.1 


10.0 


-40 


20°1*> 




6 


620 


78 


820 


47.6 


25.7 


11.1 


-50 


20^1 




7 


620 


75 


830 


45.4 


23.5 


11.5 


-40 


20°] Si 




8 


620 


78 


820 


38.1 


8.0 


11.3 


-40 


20°]^\- 




1 


620 


78 


810 


62.0 


51.2 


11.2 


-60 


20*1^1- 




2 


640 


78 


820 


13.1 


12.5 


8.1 


10 


20°] 




3 


620 


78 


810 


0 


0 


8.2 


20 


20°] J * 


til 


4 


630 


76 


800 


0 


0 


9.1 


20 


20°]** 




5 


620 


78 


810 


38.3 


24.1 


10.9 


0 


20°]^ 




6 


630 


77 


820 


36.4 


26.6 


9.2 


-10 


20°] 




7 


620 


76 


810 


34.1 


22.8 


9.5 


-10 


20°]** 




8 


640 


78 


820 


40.9 


20.6 


9.8 


0 


20°]^} 
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<199> #7l a 2^1 M-Bf^d; y>5f ^-o], ^ ^ofl -^-^-5]ir #^7 0 V(l- 8 )o] ^ -M tt 

3.7l7> ASTM No. 5. 9.8-11.5(^5 ^^3.71 6.7-12.0/m)^ 7^31 
JEth A1N 20/im°l§h^ H7l# 7>*lJl $J,^ ^ 5^. 

<200> 51 4°\]*] ^ ^ ^o], #^yj-( 8 )^ Tj^-o]]^ nfl^- ^ 

3j. n^oj ^ ^sflofl pflo. 7Wj1 ol^_ 

<201> £ ^^^#ol s 25]- ^1 ^1^*1 ^ 

Al^-^ ^7}S- 9m A1N ^##^1 ^^s|<H NbC tf^o] 

<202> u}eH o]&|^ ^^IsfjL^l ^§fl i^sHM 38.1-50.2MPa^ ^ 

# 7>x]t^ aj-^ q-Bfi^^ ^l^^l AI^l7> 8.0-29. lMPaS^i BH^4 

<203> M £ #^<HH M£r ^-^SHH tilSfl AI^7> ^ ^ A1N^#1-^1 

^-g-*!r iL^. 
<204> 2*> 7>^#1^#^^]a]£ 7>^-til 2.0^1^^ DBTT71- -40 ~ -60°C# 

<205> 51 5^1 M-Efvl 4^- #^#(8)^ Mo^l ^7}S. ^t^^^l^ 
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<206> £ 6^1 M-HfTd; Hl-Sf ^•o] ) ^7j-( 8 )0. oje^ J7^o] 7>^*b S?i<?} 67fl€ 

<207> £ ^##£r ^fl-f ^rW^ 2x> 7>^^ol 

<208> ^rdh^-^^l ^- ll^MH 0. 0016-0. ^ 

0.0054%7l- ^7}Q ?A°-S.*\, DBTT^-^o] -f^§>ji BH^] nfl-f M^l^r, AI*l7> 

30MPa°l#°-S- ifl^jLAjo] nflo. <g3Hhi- ^ o]i^ 3.71 ±r ASTM 

No. ll.2S.Ai ufl-f Plxfl§><^ ^ t^o] ^ifj 37] ^§>^1^, 7j-^ ji-g- 

<209> v]jZ#(2)±r Sol.Al^g-^l 0.04%g.*\ ^ U^^SHM x^]*); ^^o] 

0.08-0. 12%Ji-t^- Ti^lM ^^MH *\}X\ *V S^ili^ 0.025%S ^7]- 

€ TJ^ifJ a.7l7> 3.31, ^JL, DBTT^ ^ #*1 =r 

<2io> ^, tilil7j-(2)^ Aim] ^A-flSl-jL^}- ^ ER^k ^JL^7l- &53°- 

^ , IE* Ti^"^ ^7H1 ^7>^ ^7} TiCS. 4i 
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38 (site competion)5L2|-7l- ^°}^ DBTT^ IL^ IS}*!; 7A°]A . 
<211> tlli2#(3)^ cfa a. ^Jg-^o. n>^^n> ^^-^o] 

0.0012%S.^i ^iLcf #o]cf. 

<2i2> ^tfl hJ-^^-^s] ^§>s o]sfl ^^^o] stfl^ji BH^ ^ AI 

<213> tilJil^-(4)ir Sol.Al^r ^ ^^±Ll4 3] 711 ^ 71-51 JL, Nb^ £ ^ 13 ^ 

<2i4> ^^M, «li2 7 o 1 -(4)5l T^oTl^r Al^l 5l*t SI- Sl^^l- BH^jr^l 7fl^] 

jL^ffe 7ltfl^r ^ IE*!:, ^q-j^*]; Nb^7Hl NbC ^##^1 ^-£§>7ll #71- 

=13 fJ 3.7]^ ASTM No. 9. ISA-] a. ^yj-oflA-] ^T,]^ ^^H.7l# ^H}*} 
oz|-2i^ NbC ^#<^1 Sl«t Jl-g-^ Y^^-S BHliM <g<>H*l Q&SL 

<215> ^331^(5)2^ £ ^7j-6flA-l ^7>1^ STi^ «1 JS §fl ^ Mo^t B^l ^ ^7} 

£]*1 Mo sq- B^fl ^ 7>^#|^ 7fl^M; 7ltfl^ ^ 

<2i6> ^, «l51^-(5)fe BH^ ^ AI^ -r-^^l^Ir, Mo ^ B^l *1^7^3- <?lsfl DBTT 

<217> tilJ27j-(6)^ Slo.Al^l ^ ^iL^- ^711 ^71-5131, Mo7> ^ 

7h^l^l ^ 7j-o.^, BH^^ AI^ -fn^M n> P«T-^tfltil Mo^l ^1^7>S 

^^^71 H^r&y^S. 9in DBTT^-^l l^-fl ^ §1x4. 
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<218> *]M#(7)-& Sol.Al^l £r ^ ^ ^ >fl ^ 7>S] JI , S^r, Mo ^ B°l $ 

Tj-o.^, BH7> 34.1 AI7> 22. 8^ £ H , IE*b Mo ^ B^ 
^1^71-5. <dn DBTMt^°l iSHS-g- ^ 

<219> «l517j-(8)^r P^-^^l 0.12%^ ^7j-6flA-l ^A]^ ^ ^ ^ 0.05- 

0.11%# 2,^}5L, J£ft B<^1 ^7>5]x] 7 j-o.^ ; Mo^l ^§fl DBTT^^^l 7fl^} 

^Cfj7^ §>x]n]- po] ^7^7]- nfl-f n 7fl^jL3f^l^ ^7} 5U&°*1 , B 

5] v]$7}S. 91^ DBTT^^l $gr-g-^ ^ 5| rf. 

<220> 4 v #?!r ^o], a. ^-Tgofl o|§>^, i^-TjS]-^, iflAlJL^ vfl 27> 7>^ 
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[^T L * 1] 

=§^%S, C : 0.0016-0.0025%, Si : 0.02% Mn : 0.2-1.2%, P : 0.05- 

0.11%, S : 0.01% ©l*h 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% ©l*)-, Nb : 
0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Fe ^ 7}^- ^7}^^ ^ 

°1^<^1J1, 20jm°]*}^ A1N ^fl§}JL, ^^3.7] 7} ASTM *IJL 9 

o1#o1jL, n^Jl 30MPa 6 H v ^ i^-7j5)-^(BH), 30MPa°l ^ a]^^ (AI), 7\^ 
til 2.0°fl>H -30°C^1§>^1 DBTT, ^ 340~390MPa^ SI^^S.^ 5fe 3^ 

13^8" 2] 

^li^l ^^3H ^fl*Kr «g=o] ^^iflofl #*fl*Kr 

6ppm^l ^ ^ §Kr JL^S. ^Jf^^ 

13^* 3] 

#^%S., C : 0.0016-0.0025%, Si : 0.02% o]^, Mn : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% ©1§}, 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% ^S>, Ti : 
0.003%°l*h Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, ^ Fe ^ 
7lEf l-7>5r| *V 1:^^-5. s<^]xl ji, 20^mc»l§>5l A1N ^#*«=>1 #7fls->jl, ^fjH. 
7]7> ASTM 9°l^lJi, SOMPa^R 1 "^ 3HKBH) , 30MPa o l§]-^ *13L 
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*|*r (AI), 7}^-m] 2.0*IM SOVo]^ DBTT, ^ 340~390MPa5l °I3j-#3E.# ^ 

ji-g-^^ <g=6fl til^H $ji f ^fJtlH #7fl§Kr ^ 3~ 

M?* 5] 

f^%S, C : 0.0016-0.0025%, Si : 0.02% ^1§>, Mn : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% <>l*h 7h-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% Nb : 

0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Fe ^ l-7>3r|3]r 1- 

^#5. ol^a]x]3i, 20/M^l^l-^ A1N ^fl^|-31, ^HH.7l 7> ASTM *8_S. 9 

ol^lji, nejjl SOMPaoR 1 -^ ^W^BH), 30MPao]§>*l a]3l*1^ (AI), 7>^ 
ti] 2.0°1H -30°C^1§>^ DBTT, ^ 340~390MPa^ £1 ^7j\E-I- 5^ 31^; ^-^o_ S _ 

6] 
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WW 7] 

C : 0.0016-0.0025%, Si : 0.02% °}is}, Mn : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% °l*h 7h-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% o]^ t Ti : 
0.003%°1§K Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Fe ^ 

7]Bf 1:71-31*1 ^I^^xIji, 20nm°)is}$] A1N ^#^-°l ^7fl§>jl, ^^3. 

7]7l- ASTM *1Jl 9«sl^lul, 30MPa°R>£l 43f 3HKBH) , 30MPa°l§l-3l aIJl 

*l^r (AI), 7>^ til 2.0<>1H -30°C^1§>^1 DBTT, ^ 340~390MPa^l °JM£f 5^ 

I^t** 8] 

*(|7lH 9X°]*\, ^^3H #7fl*>^ Ji-g-^^l <^o] ^^^tflofl #^fl§>^ 

JL-g-^^l <9=<m til§>^ #JL, nslJl ^^^H ^*fl*Hr JL-g-^^1 <&£r 3~ 

13^8" 9] 

#^%S, C : 0.0016-0.0025%, Si : 0.02% *>]^ t Mn : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% 7h-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% ©1^-, Nb : 

0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Fe ^ 7]^ f7^t ^ 

d\^6\^^. 1200°C<>1^MH 5^5}- I^Sl^t 3s 900-950 °CSl 

<flefl^ ^>^-sl ^71^^*1-3-, 600-650 o C^l £-£^£Ml^ ^#1*1 cf-g-, 75-80%^! 
§b§-3, ^?l<y-^*l Jf, 770-830 °C^1 ^S^^HH <S#^*Kr ^8-2-5. 
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[3^8- 10] 

#^%S C : 0.0016-0.0025%, Si : 0.02% o)^, Mn : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% 7>-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% °\^, Ti : 

0.003%ol«h Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Fe ^ 

7lB(- Iv^^; Mr^S. 6]^6\x]$= #.g- 1200 °C^1 ^1^1 "Z^n 3s 
900-950°C^ ^S^^HH T^Jfs) ^^^^-JL, 600-650°C^l ^rS^^HH 
tl-g-, 75-80%^] ^^#3. ^^l^^ft ^, 770-830°C^ ^r^^HH <£^r^-§Kr 

Mt 1 * HI 

#s^%S., C : 0.0016-0.0025%, Si : 0.02% o]^, M n : 0.2-1.2%, P : 0.05- 
0.11%, S : 0.01% 7h-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% ^S>, Nb : 

0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, ^Ff Fe ^ 7]^ ^7\^\^V # 
e>l-f-<H*l^- 1200 r^^H]^ ^-^s}- ^^Sl*l ^, 900-950 

^^el 1^^^*1-31, 600-650°C^l ^#1* thg-, 75-80%^ 

^, 770-830 -&51^3HH <g^^ js^ -g-g-H^ 

tf-g-, 1.2-1.596^1 ^^HrS S^^Kr ^ ^8 -g-g-SL^-^o] xfl^ 
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WW 12] 

C : 0.0016-0.0025%, Si : 0.02% Mn : 0.2-1.2%, P : 0.05- 

0.11%, S : 0.01% °l*h 7h-g-(Soluble) Al : 0.08-0.12%, N : 0.0025% o]^ t Ti : 
0.003%°1§K Nb : 0.003-0.011%, Mo : 0.01-0.1%, B : 0.0005-0.0015%, Fe ^ 

71 ^7f5T]^ ^l^^^l^r 1200°C^^H1^ M*}- l^ft ^, 

900-950°C^ ^lE^^HH l^r^^^Jl , 600-650°C^ ^?HH *1 

t}-§-, 75-80%^ <£§b§-3. ^^HJ-'S^ ^f, 770-830°C5] £r5.^$HH ^^r^^tb 
^, -g-8-£^-* thg-, 1.2-1.5%^ ^^S. S^J^SHr ^ §>^r -g-g- 
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i] 



• | ~»-^?ggfe(BH) O A|gX|^(AI)| 
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2] 
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4] 




5J # ^ 
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6] 
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